A side issue of the European war has been the unexpected and great demand for certain therapeutic sera. Among those for which a sudden demand has arisen is the antidysenteric serum; of which in the recent past large quantities have not 'been needed. It is doubtful whether the serum was being produced in notable quantities in any of the countries involved in the war, so that when dysentery appeared among the troops engaged in the western campaign, supplies of the serum were sought outside.
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Among the early activities of The Rockefeller Institute was included a systematic investigation, 1 in the eastern part of the United States, of the bacteriology of acute dysentery and related diseases of the intestine. An important incident of this investigation was the preparation and testing upon human subjects of the antidysenteric serum. Doubtless, it was the knowledge of these studies posSessed abroad that led to the requests made upon The Rockefeller Institute for supplies of the serum. This demand, which was met inadequately by supplies then available, led us to undertake the improvement of the method of preparing the serum, with the particular object in view of reducing the period required for the immunization of horses.
The outlook for success in this endeavor was hopeful, since the experience of the past few years had shown that certain antisera could be prepared in small animals--the rabbit especially--in far shorter periods of time than had been supposed. We owe especially to the studies of Fornet and Mfiller, 2 Bonhoff and Tsuzuki, 3 and Gay 4 and his pupils the discovery of the fact that the reinjection of antigenic substances at brief intervals leads to an intensification of the antibody formation. In this manner and through three successive daily injections of protein, bacterial or body cells, strong precipitating, agglutinating, and cytolytic substances have been evoked. We have applied the principles of this method to the immunization of a horse with several types of the dysentery bacilli, with the result to be described.
Two distinct groups of bacilli capable of causin~ dysentery are now distinguished. As far as is known, the members of the group bring about similar or indistinguisha,ble intestinal lesions and clinical symptoms. 5 As regards ordinary morphological and cultural characters, the groups are also indistinguishable; while they are readily distinguished by their power to ferment certain carbohydrates and alcohols (especially mannite), and by the important fact that one group yields in the cultures a soluble toxin and the other does not.
The original of the dysentery bacilli is designated the Shiga 6 bacillus, from the name of the Japanese bacteriologist who first isolated and studied the dysenteric bacillus. It happens that the Shiga bacillus possesses limited fermentative power and produces a soluble toxin. Dysenteric bacilli identical with the Shiga bacillus have been obtained everywhere in the Eastern, Western, and Southern Hemispheres in which they have been sought by bacteriologists. Hence the Shiga bacilli constitute the original group of dysenteric bacilli. They also compose an homogeneous group, since all the Shiga bacilli so far studied possess identical properties. This is not true of the second group, which includes several quite well defined members. The first representative of this group was isolated by Flexner 7 from cases of acute dysentery occurring in the Philippine Islands. Hence in contradistinction to the S,higa group, it has become customary to speak of the other as the Flexner group. But, as already indicated, the latter is heterogeneous and contains two or more other varieties of closely related but yet distinguishable bacilli, sometimes designated as y s and Strong2 None of the varieties in this group yields a soluble toxin; and while all show wider fermentation powers than the Shiga bacillus, yet the several members differ in that respect among themselves. Very recently Sonne 1° has described still another variant belonging in this group, which he cultivated from several cases of acute dysentery occurring in Copenhagen.
But the most important distinguishing feature exhibited by the dysentery bacilli relates to their antigenic or immunity properties. By employing especially the agglutination test, and to a less extent the test of protection, the Shiga and Flexner groups are more sharply, and the several members of the latter group less sharply separated from one another.
As regards the practical question of the specific therapy of dysentery, the most important consideration is that of protection. It is manifestly impossible to undertake to discriminate in many instances among cases of dysentery occurring sporadically in endemics or epidemics, the particular dysenteric bacillus causing the infection before applying the serum treatment. Two ways of proceeding are, therefore, indicated: first, to determine whether an antidysenteric serum prepared with the bacilli of one group protects against the bacilli of the other group; and second, to ascertain whether an effective polyvalent antidysenteric serum suitable for use irrespective of the type of infecting bacillus can be prepared.
Flexner, S., Philadelphia Med. Jour., I9OO, vi, 414 . s Hiss, P. H., Jr., and Russell, F. F., Med. News, 19o3, lxxxii, 289. 9 Strong, R. P., and Musgrave, W. E., Report of the Etiology of the Dysenteries of Manila. Report of Surgeon General of the Army to the Secretary of War for 19oo, Washington, 19oo. lo Sonne, C., Centralbl. f. Bakterlol., zte Abt., Orig., 1915, lxxv, 408. Indeed, it has long been known that the dysenteric bacilli possess both common and specific antigenic properties; a certain amount of cross-agglutination and protection exists which is more pronounced between the related members of the Flexner group than between the more widely separated Flexner and Shiga groups. Again, it has been found practicable to produce in a given horse by suitable methods of immunization antibodies for the two groups of bacilli, and in quantities which promise to suffice for practical therapeutic purposes. This fact is not only important as regards the treatment of cases of bacillary dysentery infected with a single strain,--the rule among cases ordinarily arising,--but is significant also in respect to the rarer instances of mixed strain infection, in which more than one member of the Flexner group, or in which the Shiga bacillus and a member of the Flexner grouP co6perate in causing the lesions and other effects of the disease.
RAPID P R E P A R A T I O N OF P O L Y V A L E N T A N T I D Y S E N T E R I C S E R U M I N HORSES.
Hitherto horses have been injected with cultures or soluble products of the dysenteric bacilli over long periods of time. The injections have been made chiefly into the subcutaneous tissues, rarely into the veins. The severe reactions which intravenous injections often cause limited that method of immunization. The subcutaneous injections, on the other hand, are more readily carried out, but at the stage of the immunization process when large quantities of culture---or, in the case of the Shiga bacillus, soluble toxin--must be injected, large infiltrations may arise which sometimes ulcerate and depress the physical condition of the animals. The process of immunization is then halted until the ulcer heals and the general condition improves, entailing a loss of time ; but in some instances a state of cachexia arises, leading to loss by death. ]By employing the subcutaneous method of immunization, an active antiserum can be prepared in from about nine to twelve months.
The process can be abbreviated by employing the method of successive intravenous inoculations over brief periods of time, with intervening periods of rest. The principles of the method are those developed by Fornet and Miiller, Bonhoff and Tsuzuki, and Gay and his pupils. B y i n j e c t i n g successively the several varieties of d y s e nteric bacilli, a s e r u m p o s s e s s i n g h i g h a g g l u t i n a t i v e a n d protective v a l u e has b e e n secured in a period m e a s u r e d b y weeks r a t h e r t h a n by m o n t h s .
Cultures.--The cultures employed were made upon agar-agar slant surfaces in tubes 15 by 16o ram. in size. The cultures were employed after twenty-four hours of incubation at 37 ° C., and the growth in each tube was suspended in 2 c.c. of 0.8 per cent. salt solution, from which measured quantities were taken for intravenous injection. The several members of the Flexner group and several strains of the Shiga bacillus were employed for injection.
Injection.--Blood having been drawn in order to secure a sample for the control tests of agglutination and protection, the preliminary injection of cultures was made with I e.c. of the suspension of Flexner bacilli which had been heated to 6o ° C. for thirty minutes. The febrile reaction was slight. Twentyfour hours later 5 c.c. of the suspension were injected, which was followed by a sharp reaction (text- figure I ). The third injection was de/erred forty-eight hours, until the temperature again reached normal, when 5 c.c. of the suspension were again injected. After an interval of seven days, living cultures were substituted for the heated ones. The febrile reactions following the injection of four ~oops of the suspension 6n the first, ten loops on the second, and twenty loops on the third day were negligible. At the third inoculation suspensions of living Shiga bacilli were injected. The dose was four loops on the first, ten on the second, and thirty on the third day. From this time on, Flexner and Shiga bacilli were inoculated alternately on three successive days with intervening rest intervals of seven days, the doses being chosen so as to produce a sharp febrile reaction which subsided in twenty-four hours. By adjusting the doses with greater care, the febrile curve was rendered typical (text-fi~ure 2). As a rule, the dose of a culture which was injected on the third day of the last period was employed for injection on the first day of the next period. The
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TExT Temperature.--The temperatures were taken about one hour before each injection. It was noted that the maximal febrile point was reached about six hours after inoculation, after which the descent began, the normal being reached usually at about the end of the twenty-four hour period, which was the result strived for. The inoculations were made at about 9 A,~., and the temperatures were taken the fifth, sixth, and seventh hours afterwards, or until the figure indicated that the maximum had been reached and decline had begun (text- figure 3 ).
IMMUNITY VALUE OF THE ANTISERUM.
The degree of immunity produced by the several successive inoculations was ascertained by titrating the antiserum at intervals against the Shiga and Flexner groups of bacilli in respect to (a) the agglutination, and (b) the protective value.
Agglutination.--The titer of the horse serum before inoculation was l~egun for the several varieties of ,bacilli employed for injection is shown in ta'ble I. The Flexner group, as was previously known, is more readily agglutinated than the four strains of Shiga bacilli employed, although the Flexner D proved inagglutinable in the unheated serum. The rapidity in the rise of the agglutination titer after each successive series of three injections of the bacilli is shown in table II. The values given are for complete agglutination in serum not inactivated by heat. Heating the serum to 5 6o C. reduced the agglutina- tion value by half or more. The values, moreover, are given for each bleeding period, which correspond with each successive set of inoculations of the bacilli. Hence the effect of each series of three injections can be followed. In the first period, killed bacilli of the Flexner group were injected; subsequently only living bacilli were employed. The effect of the first set of injections of the Shiga bacilli is seen in the third period. The rise in agglutinins for the Flexner group is more pronounced than for the Shiga group of bacilli. The inequalities as measured by the several varieties in each. group are small, except in the culture denominated Flexner D, which appears to be inagglutinable.
Protection.--The therapeutic value of the serum was tested experimentally in guinea pigs and rabbits. The anti-infectious power was determined in the former and the antitoxic power for Shiga toxin in the latter animals.
The method employed was to mix suspensions of the living cultures with dilution of the serum or of Shiga toxin with serum, and to incubate the mixtures for one hour at 37 ° C., after which they were injected. The injections were made into the peritoneal cavity of guinea pigs weighing about 225 gm., and into the ear vein in rabbits weighing I,aSO to 1,5oo gin.
The bacilli were cultivated on slant agar surfaces and the growths were of twenty-four hours' duration. The suspensions were made in sterile normal salt solution. The Shiga toxin consisted of a growth three days old of the Shiga bacillus in sugar-free bouillon containing calcium carbonate. The bacilli were killed with ether. The ether having been removed, the bouillon culture was passed through hardened filter paper and preserved in the refrigerator. Ether was found superior to phenol for killing the bacilli. It does not injure the toxin.
11 After inoculation of cultures killed by heat. 12 Probably inagglutinable. la The first inoculation of Shiga bacilli given in previous period.
The protective value of the antiserum was compared with that of normal serum withdrawn from the horse before inoculation was begun The effects of the normal serum are shown in table III, would result in still further accumulation of specific antibodies. But it seems safe to begin regular bleeding of the horses treated in the manner described at the tenth week of the immunization process and to carry out regular bleeding with intervening inoculation from that period on.
S U M M A R Y .
Antidysenteric serum can be safely prepared in the horse by the method of three successive intravenous injections of living cultures or toxin with intervening rest periods of seven days.
When this method of immunization is employed, the specific antibodies responsible for agglutination and protection appear early and rise rapidly.
By inoculating alternately living dysentery bacilli belonging to the Shiga and Flexner groups a polyvalent serum of high titer may be prepared.
A polyvalent serum so produced should be suitable for the therapeutic treatment of acute bacillary dysentery, irrespective of the particular strain or strains of the dysentery bacillus causing the infection.
An effective antidysentery serum suitable for therapeutic employment in man can be prepared in the horse in about ten weeks.
1~ T h e e x p e r i m e n t w a s d o n e i n d u p l i c a t e .
